Growth of strains of Salmonella enteritidis and Salmonella pullorum on Hektoen agar has been reported to influence the expression of long-chain lipopolysaccharide and motility respectively. In this study we used a panel of strains of S. enteritidis and S. pullorum to investigate these phenomena. Culture on Hektoen agar did not cause rough strains of S. enteritidis to express long-chain lipopolysaccharide or strains of S. pullorum to become motile. It was concluded that growth of strains of S. enteritidis and S. pullorum on Hektoen agar would not normally affect the expression of somatic or flagellar antigens, and would not influence the interpretation of the Kauffman-White typing scheme. z
Introduction
Salmonellae are typed according to the Kau¡man-White identi¢cation scheme [1] which uses somatic (O or lipopolysaccharide) and £agellar (H) antigens [2] . Strains of Salmonella enteritidis can be typed further with a panel of phages [3] , and phage typing has been used to show that strains of S. enteritidis belonging to phage type (phage type) 4 are the major cause of salmonella food poisoning in the United Kingdom and many other countries.
The phage type of S. enteritidis can be in£uenced by the expression of lipopolysaccharide (LPS). Strains of S. enteritidis phage type 4 which express long-chain LPS (smooth) bind nine phages whilst mutants of phage type 4 which express incomplete LPS (rough) bind only three phages and type as phage type 7 [4] . This conversion from S. enteritidis phage type 4 to phage type 7 also results in a 10 Sfold decrease in virulence for BALB/c mice [4] .
In a recent publication [5] it was reported that Hektoen agar can induce rough strains of S. enteritidis to express long-chain LPS, and can induce strains of Salmonella pullorum to acquire motility, particularly in the presence of glucose. In the present study we used a representative panel of strains of S. enteritidis and S. pullorum to investigate the role of Hektoen agar on the expression of LPS and £agella by these bacteria.
Materials and methods

Bacterial strains
The 12 strains of S. enteritidis used for this study (Table 1) have been described previously [6^8] . Seven strains were known to express long-chain LPS, one strain expressed trace amounts of LPS and four strains were known to be rough. Seven strains of S. pullorum were from the culture collection held by the Laboratory of Enteric Pathogens.
Bacterial culture
Bacteria grown in brain heart infusion broth (16 h, 37³C) were used to inoculate Hektoen agar plates, with and without added glucose (100 mM) [5] . These strains were also grown on nutrient agar. For the extraction of £agella, each strain was grown on ¢ve agar plates (15 cm diameter).
Lipopolysaccharide
For the preparation of LPS, bacteria were initially suspended in SDS-PAGE sample bu¡er (1 mg cells/ 30 Wl) and incubated at 100³C for 10 min prior to mixing with an equal volume of SDS-PAGE bu¡er containing 100 Wg/30 Wl proteinase K (Sigma) and incubation at 60³C for 1 h. For SDS-PAGE 30 Wl of preparation, equivalent to 500 Wg cell mass, was loaded onto gels [4] .
Flagella
Bacteria scraped from ¢ve agar plates were suspended in 0.5 ml of phosphate-bu¡ered saline and incubated at 60³C for 30 min prior to centrifugation (12 500Ug, 10 min) and collection of supernatants containing £agella [9] . Protein concentration was estimated using the method of Lowry et al. [10] .
SDS-PAGE/immunoblotting
For SDS-PAGE, 30-Wl samples containing LPS (from 500 Wg bacteria) or heat-extracted proteins (30 Wg) were loaded onto gels comprising a 4.5% stacking gel and a 12.5% separation gel [4, 11] . Following electrophoresis, protein gels were stained with Coomassie brilliant blue [9] . Pro¢les of LPS were either stained with silver [12] or used for immunoblotting.
For immunoblotting, LPS pro¢les were transferred onto nitrocellulose sheets (0.5 amp, 1.5 h) using the method of Towbin et al. [13] and reacted with a human serum (30 Wl/lane) known to contain antibodies to the 9 and 12 antigens on the LPS from S. enteritidis [14] . Antibody-antigen complexes were detected using a goat anti-human polyvalent antibody conjugated with alkaline phosphatase (Sigma, UK), and an enzyme substrate bu¡er comprising nitroblue tetrazolium and 5-bromo-4-chloro-3-indolylphosphate [15] .
Microscopy
Strains of S. pullorum were examined for £agella by transmission electron microscopy [15] , following staining with 2% aqueous ammonium molybdate. Strains were also examined for motility using thè hanging drop' method.
Results
Expression of LPS
Twelve strains of S. enteritidis were examined for expression of long-chain LPS, following growth on Hektoen or nutrient agar. Irrespective of the culture medium, strains of S. enteritidis belonging to phage Expression of long-chain LPS as detected by SDS-PAGE and silver staining. types 1, 4, 8, 13 and 24 expressed long-chain LPS migrating as a distinct ladder pattern on SDS-PAGE gels (Fig. 1) . Strains of S. enteritidis belonging to phage types 7 and 7a, 23 and strain P266107 (phage type 30) did not express long-chain LPS (Fig. 1) . S. enteritidis strain P270791 (phage type 30) expressed trace amounts of long-chain LPS (Fig. 1) . Human antibodies, speci¢c for the long-chain LPS of S. enteritidis LPS, did not bind to LPS pro¢les prepared from strains P130362 (phage type 7), P267687 (phage type 7a) and P278849 (phage type 23). Furthermore, expression of LPS by strains of S. pullorum was not in£uenced by growth on Hektoen agar (Fig. 1). 
Expression of £agella
Strains of S. pullorum were examined for motility and expression of £agella alongside a highly motile strain of S. enteritidis (P132344). Bacteria were grown on Hektoen agar with and without added glucose, and on nutrient agar alone. By the hanging drop method, only S. enteritidis strain P132344 was observed to be motile. Also, only S. enteritidis strain P132344 expressed £agella as demonstrated by electron microscopy. SDS-PAGE pro¢les of proteins extracted from S. enteritidis strain P132344, by incubation at 60³C, contained £agella subunits migrating as a band of approximately 60 kDa. This band was not observed in the heated extracts prepared from strains of S. pullorum.
Discussion
Strains of S. enteritidis belonging to phage types 1, 4, 8, 13, 13a and 24 expressed long-chain LPS as described previously [4, 6, 8] , and S. enteritidis phage type 30 strain P270791 expressed trace amounts of long-chain LPS, as we reported before [7] . The conversion of rough strains of S. enteritidis to strains expressing long-chain LPS when grown on Hektoen agar [5] was not observed in the present study, and growth on Hektoen agar did not cause S. enteritidis strain P270791 to express more than a trace of longchain LPS.
Previous studies from this laboratory have attempted to select smooth variants of rough strains of S. enteritidis of phage type 7, by selection within BALB/c mice [4] since as few as 10 S. enteritidis phage type 4 can cause a lethal infection. However, since this approach failed, it was suspected that the conversion from phage type 4 to phage type 7 was irreversible.
Hektoen agar has also been suggested as a means of producing motile forms of S. pullorum [5] ; however, the strains of S. pullorum examined during our study did not express £agella and remained non-motile, regardless of the presence of glucose in the Hektoen medium. The e¡ect of Hektoen agar on the expression of LPS and £agella by strains of S. enteritidis and S. pullorum appears to be unclear; however, we concluded that for our strains of these organisms, the use of Hektoen agar is unlikely to in£uence the interpretation of the Kau¡man-White typing scheme.
